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(54) Title: SOLID PHASE IMMUNOASSAY WTTH CARRIERS MATCHING THE SHAPE OF SAMPLE WELLS 


(57) Abstract 

The invention concerns a solid- 
phase determination method and cqui{>- 
mcnt and an adapter for use in these. 
In the method a sample is allowed to 
react with a separating reagent bound 
to the outer surface of a separate solid- 
phase body (4), whereafter the body is 
rcinovcd from the vessel and is taken to 
a measuring vessel, if required through 
one or several intermediate step vessels. 
At least one vessel contains a medium 
needed ia a detcrminatioa step to be per- 
formed therein when the phase body is 
brought into this vasseL The Laveadon 
is especially suitable for use in autonoadc 
immunodetermination systems. 
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Solid phase intmunoassav with carriers ina1:chi'na the 
shape of saimple wells 

FIELD OF THE IWENTION 
5 The invention concerns a solid-phase deterxnination method 

and equipment as well as an adapter for use in these. The 
invention is especially suitable for use in automatic immuno- 
determination systems, 

XO BACKGROUND OF THE INVENTION 

Solid-phase immunodetermination is usually carried out in 
one vessel so that the analyte to be determined in the sample 
is first allowed to react with a separating reagent bound in 
a solid phase, whereupon the other determination steps are 

15 carried out in the same vessel. The troublesome thing here is 

that you must do much dosing and removing of fluids* When 
there are several different determinations, a large stock of 
different reagents is also required. 

Specification EP-A-194789 also presents a system, wherein 

20 the determination is carried out by using several vessels. 

The solid phase is formed by a thin strip which is moved from 
one vessel to another. The vessels contain the reagents 
needed in the determination method. 

■ i 

25 DESCRIPTION OF THE INVENTION 

A determination method as defined in claim 1 has now been 
invented. Advantageous applications of the invention are 
defined in the following claims. 

As used herein/ a separating reagent generally means such 
30 a substance which will react with the analyte to be deter- 

mined and will bind it in the solid phase. In immunodeter- 
minations the separating reagent is usually an antigen or 

antibody. As uaad herein, a medium generally means a solution 
to be used at some stage of the determination/ such as a 
35 reaction liquid or a washing fluid. 

The solid phase used in the method is the outer surface of 
a solid body separate from the reaction vessel, and the 
determination steps are performed in two or more vessels. The 
solid-phase body is kept in the vessel containing the sample 
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either directly detectable or of such a type which will 
release some detectable compound , especially from a subs- 
trate. Detection usually takes place f luorometrically 
luminometrically ^ absorptiometr ically or radiometrically , 
5 There is no risk of contamination in the method, because 

the sample is not drawn into the equipment from the plate 
vessels* Besides, the method can be implemented by using 
simple and very reliably-operating automatic equipment* In 
addition, the phase body works as an effective agitating 

10 piston in the reaction vessel. 

The invention is suitable, for example, for immunological, 
DNA-hybridization or hormone determinations. 

The solid body is preferably in one piece. However, it may 
also be assembled into a separate frame from several parts, 

15 for example, rings. 

To speed up mass transport and thus the necessary reaction 
time, the medium should be agitated during the reaction • This 
is preferably done by moving the phase body. It is especially 
advantageous to move the remover vertically, whereby the 

20 medium must flow through the gap between the remover and the 

vessel, thus blending very efficiently. To make mixing more 
effective, the body is constructed so wide that a gap of a 
suitable narrowness is formed between the vessel and the 
, remover- Mixing can also be promoted by suitable designing of 

25 ' the body and the vessel. 

The vessel unit forms a plate for use in one determina- 
tion. The phase body may be packed into some vessel in the 
plate. The vessels to be used in the different steps may also 
be of different sizes - 

30 The vessels are preferably closed with a film, which is 

punctured for carrying out the method. The film may be 
punctured by using the phase body, but using a separate 
puncturing point Is recommended . The point may have cutting 
blades forming strips which will tear in a controlled manner. 

35 In the equipment, the puncturing point may be attached to the 

same actuator as the phase body* The top edge of the vessel 
is preferably provided with an extension against which the 
strips of the punctured^ film can rest. Closed vessels may 
have an inert gas phase to improve durability* The plate 
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The body 4 is oval and has a point 5 at. its bottom end. 
The vessel 2 bottom is shaped correspondingly. At its upper 
end rod 3 has a handle 6 which is suitable for robotics and 
at which the rod can be grasped for exact control of its 
5 horizont-al and vertical positions. The body surface has 

suitable protrusions and cavities 7 to increase the surface 
area. In this embodiment they are grooves leading toward the 
point. 

The sample to be examined is brought first into the first 

10 well 2 in plate l containing a suitable diluter, if required, 

whereafter phase body 4 is immersed into it. The analyte 
possibly existing in the sample is now allowed to react with 
the separating reagent to form an imraunocomplex. After this 
incubation the phase body is moved into the second well 

15 containing a first washing fluid, into the third well 

containing another washing fluid and into the fourth well 
containing an enzyme conjugate adhering to the iicununocomplex . 
After tracer incubation the phase body is again moved by way 
of two washing wells for measurement in the last well con- 

20 taining a substrate for the enzyme, from which the enzyme 

will release a compound that can be detected fluorometri- 
cally- After the substrate reaction the phase body is taken 
aside and fluorometr ic , measurement is performed in such a way 
that both exitation radiation and emission radiation are led 

25 through the well mouth • 

During the incubations and washes the phase body is moved 
back and forth in a vessel, whereby the medium will blend 
effectively, 

Plate 1 can be made of some cheap plastic material, be- 
30 cause light need not be led through the well wall, Foir this 

reason, as simple a manufacturing technology as possible can 
also be used* To reduce background radiation the material is 
preferably opaque, 

Luminometric determinations can be carried out in a 
35 similar way. 

If the reaction result is measured absorptiometrically / 
the measuring vessel must be transparent or radiation must be 
provided through special arrangements (for example, using a 
reflecting bottom) from the measuring vessel to the detector. 


7 

out the react-ion result. Phase bodies and possible means for 
penetrating the film closures of the wells are placed on an 
arm 20. The equip-ment also includes a thermostatic heater 
* for keeping the plates at the desired temperature. 
5 A phase body is attached to arm 20 for each sample plate. 

Samples are dosed into the first well in the plates l in 
cassette 14 and the cassette is pushed in. It moves into its 
extreme position where identifying device 18 reads code 15, 
whereby a control unit receives the data needed for per- 

10 forming the determination. The phase bodies are lowered into 

the first wells* After incubation the phase bodies are taken 
up, the plate is moved one step forward and the second step 
is performed* The process goes on in this way from one well 
to another, and finally measuring is done in the last well. 

25 The determination result of each plate is shown on display 

21* 

All determinations may be different, provided that they 
can be performed with the number of wells available in the 
plate. All wells may not be needed in all determinations, in 
20 which case there is no medium in them. 

Such equipment may of course also be used where both the 
detector end and the phase bodies are attached to the same 
arm. 

Figure 4 shows equipment of a modular type where six 

■ I 

25 cassettes can be handled at the same time. 

In this embodiment the available plates 1 have a code 15 
at the end of the first well. Cassettes 14 are preheated in 
incubator 22 and they are pushed into the equipment with the 
code end first through feeding opening 16* The phase bodies 

30 needed for each cassette are located on arms 20 at the places 

of the corresponding plates. 

The equipment has a common transversely movable detector 
end 17 provided with an identifying device 18 and with a 
measuring device 19. The identifying device reads code 15 in 

35 each plate, whereupon the cassette moves inward to its 

extreme position, wherein the sample and possibly deluting 
agent, too, are metered into the first well* Dashed line 23 
shows the path of movement of the dosing device. The cassette 
is then moved outwardly so that the first well is located 
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CLAIMS 

1. Solid-phase determination method wherein the sample 
possibly containing an analyte to be determined is allowed to 
react in a medium contained in a reaction vessel with the 
5 analyte 's separating reagent bound to the surface of a solid- 

phase body separate from the vessel into an analyte reagent 
complex, and one or several intermediate steps are performed, 
if required, whereafter any formed complex is established, 
characterized in that 
10 - the sample is allowed to react with a separating reagent 

bound in a solid phase to the outer surface of a solid-phase 
body which has the cross-sectional form of a reaction vessel, 

- after the reaction the phase body is removed from the 
vessel, 

15 - the phase body is moved, if required through one or 

several intermediate step vessels performing intermediate 
steps in a medium in these, into a measuring vessel and 

- a possibly formed complex is detected in the measuring 
vessel, 

20 whereby at least one vessel contains a medium required in the 

determination step to be performed therein when the phase 
body is brought into this vessel, 

2* Method as defined in claim 1, characterized in that a 
medium is agitatedj in a vessel during at least some deter- 
25 mination step* 

3* Method as defined in claim 2, characteriased in that the 
medium is agitated by using the phase body, preferably by 
moving the phase body vertically • 

4 . Method as defined in anyone of claims 1-3, character- 
30 ized in that in one or several determination steps," pre- 
ferably in the first step, from which the phase body is moved 
to the following step, the sample or any formed complex is 
allowed to react with a substance bound in a solid phase and 
added to the vessel wall or to the medium and remaining in 

35 the vessel, which substance will bind any substances dis- 

turbing the following determination steps . 

5, Equipment for determination of an analyte from a sample 
possibly containing it by allowing the sample to react in a 
medium contained in a vessel with the analyte 's separating 
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12. A set of means for use in the determination of an 
analyte from a sample possibly containing it by allowing the 
sample to react in a medium contained in a vessel with the 
analyte 's separating reagent bound in a solid phase sepa- 

5 rately from the vessel to form an analyte-separating-reagent- 

complex and, if required, after possible intermediate steps 
by detecting a possibly formed complex, characterized in that 
the set of means comprises 

- a reaction vessel (2) and for this a solid-^phase body 
20 (4) with a cross-sectional shape similar to the reaction 

vessel and with the separating reagent bound in a solid phase 
onto its outer surface, 

- for intermediate steps possibly to be performed in a 
medium, one or several vessels or measuring vessels for 

15 detecting any possibly formed complex, 

whereby at least one vessel contains a medium needed for an 
intermediate step to be performed in it, 

13. Set of means as defined in claim 12 , characterized in 
that the vessels contain all mediums required in the measure" 

20 ment . 

14. Set of means as defined in claim 12 or 13, character- 
ized in that at least one vessel, and preferably all 
vessels, are closed with a penetrable film- 

15. Set of means as defined in claim 14, characterized in 
25 that at least some closed vessel contains an inert gas phase- 
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reagent bound in a solid phase separately from the vessel to 
foi*Tn an analyte-separating-reagent-complex and, if required 
after possible intermediate steps, by establishing any formed 
complex, oharacteriaed in that the equipiaent comprises 

- a reaction vessel (2) to be placed in the equipment and 
for the reaction vessel a solid-phase body (4) shaped with a 
cross-section similar to the reaction vessel and on whose 
outer surface the separating reagent is bound in a solid 
phase, 

- a measuring vessel and a measuring device for detecting 
a possibly formed complex, 

- one or several vessels for possible intermediate steps 
to be performed in a medium, and 

- an actuator for removing the phase body from the vessel 
and for moving it into another vessel, 

whereby at least one vessel contains a medium for use in a 
determination step to be performed in it. 

6. Equipment as defined in claim 5, characterized in that 
the phase body has grooves (7) or protrusions to increase the 
surface area of the solid phase. 

7. Equipment as defined in anyone of claims 5-6, charac- 
terized in that to promote flowing of fluid the phase body'^s 
surface slopes essentially downwards everywhere and that it 
is preferably provided at its lowest end with a sharp cusp 
(5/10). 

8. Equipment as defined in claims 6 and 7, characterized 
in that the phase body has grooves or ridges (7) extending to 
the lowest end of the body, 

9. Equipment as defined in anyone of claims 6 - 8, charac- 
terized in that it has an agitating means for. agitating the 
medium in the vessel. 

10. Equipment as defined in claim 9, characterized in that 
the phase body (4) functions as agitator. 

11. Equipment as defined in anyone of claims 6 - 10^ 
characterized in that the reaction vessel and at least one 
other vessel needed in the determination, preferably all 
vessels needed in the determination, are joined together to 
form one vessel unit (1) . 


under phase body ara 20^ and the first st©p is carried out* 

The cassette is then moved step by step inwardly, until the 
last well is located at the measuring device* 

Figure 4 also shows a diagrammatic view of energy- 
supplying unit 24, control unit 25, sample dosing pump 25, 
airing and diluter unit 26 and point washing well 27 in the 
equipment- 


No fluid transfers need to be done in the determination, 
whereby it is possible to construct a safe, simple and re- 
liably-operating system. 

In the device according to Figure 2 there are a thin rod 
3,1 and a solid-phase body 4.1 whose outer surface consists 
of two basically conical surfaces 8 and 9 curving inwardly. 
The rod diameter may be, for example, about one-tenth of the 
phase body diameter. Coating with the separating reagent 
should be done in such a way that also the rod is coated 
along its whole length coming into contact with the reaction 
solution. This is to prevent any unspecific reactions from 
taking place on the uncoated part. However, as the rod area 
is small compared to the phase body area, dosing exactitudes 

during the process will not have any strong effect on the 

It 

treatment area of the coating. 

The curved surfaces 8 and 9 of body 4.1 increase the sur-- 
face area. The sharp point 10 and the sharp junction 11 of 
the surfaces make it easier for the fluid to flow off the 
body. The bottom 13 of vessel 12 is shaped to correspond with 
the body shape at its edges, but there is a level area in the 
middle. 

Bodies consisting of several parts can be made for multi- 
runs with the different parts coated with different reagents. 
For example, the body shown in Figure 1 could consist of two 
vertical drop-halves, whereas the body shown in Figure 2 
could consist of two conical parts. 

Figure 3 shows a set of equipment where ten determinations 
can be performed at the same time. 

Determination plates l are placed in a cassette 14. At the 
end of the last well in each plate there is a code 15 inform- 
ing the equipment about the determination in question. The 
code can also give other information, especially the ageing 
time. 

Cassette 14 is pushed into the equipment in the longitud- 
inal direction of the plates with the code end first through 
opening 16, whereafter the cassette is moved automatically. 
The equipment has a detector end 17 movable in a transverse 
direct-ion and provided with an identifying device 18 for 
reading the code and with a measuring device 19 for finding 


surface is preferably provided with a small- gap between the 
vessels. This will reveal possible leaks under the film 
leading from one vessel to another. 

The equipment may also have a safeguarding system which 
checks that there is medium in the vessel before the step is 
started* The phase body may function conveniently as the 
detector in such a system based on electrical conductivity 
measurement . 

If desired, some suitable substance may be attached into 
that reaction vessel, into which the sample is brought, 
whereby the substance is attached to the vessel wall or to a 
separate solid phase remaining in the vessel. This substance 
will bind any such substances from the sample or from the 
formed complex that may disturbe later determination steps . 

The plate vessels are preferably in a single straight row, 
whereby you need to move the phase body only along a straight 
path in a horizontal plane in relation to the plate. The 
vessels of different steps may be located in any order in 
relation to each other. The vessels are preferably 
permanently fixed to one another. The plate may be made of 
some suitable material, preferably of plastic. 

The plate is preferably provided with detent pins and the 
equipment with their counterparts, so that the plate can not 
be placed in a wrong position by mistake. 

In the following some embodiments of the invention are 
described by way of example. In the appended drawings 

- Figure 1 shows implementation of the method by using a 
solid-phase body, 

- Figure 2 shows an alternative solid-phase body, 

- Figure 3 shows equipment suitable for use when carrying 
out the method, and 

- Figure 4 shows another set of equipment of greater 
capacity. 

According to Figure 1, immunodetermination is performed by 
using a plate 1, which consists of seven wells 2 located in 
a straight row, and a rod 3 having a solid-phase body 4 and 
a separating reagent (e.g. an antibody) reacting with the 
analyte (for example, an antigen) to be determined and 
attached to the body surface. 


and the separating reaction is allowed to take place. Then 
intermediate steps, if such are required, are carried out in 
the other vessels and the phase body is finally moved over 
into the measuring vessel. Mediums needed in the determina- 
tion are dosed beforehand into the vessels. 

The phase body is of a cross-section similar to the 
reaction vessel , usually a circular one. In this way the 
diffusion distances from the solution to the solid phase will 
be as short as possible. In addition, the body can be used 
for efficient agitating of the reaction mixture. 

The surface of the phase body is preferably of such a 
shape that fluid will flow off the surface as completely as 
possible. The best shape is oval with a tip at the bottom. 
However, the solid body may have , for example, several pins 
which are directed downwards. To enlarge the surface area, 
there may be suitable grooves or nodules on the body's 
surface. The reaction vessel bottom is preferably given the 
same shape as the phase body so that as little medium as 
possible will be required. 

The vessels are preferably made as one unit. However, it 
is possible in principle to perform a part of the steps out- 
side the vessel unit, especially the measurement of the 
formed reaction product, should this be desirable. Using an 
outside measuring vessel could be suitable especially if the 
complex is observed directly from the solid phase, for 
example, f luoro-metrically or radiometrically . 

Correspondingly, several steps may be performed in the 
same vessel, for example, washes. Medium may also be dosed 
into some vessel or removed from it. Using separate dosings 
might be suitable in those steps where exact dosing is not 
needed and where, for example, the same medium is used in 
several differ-ent determinations. Washes, in particular, 
could be such steps. However, in normal cases it is most 
advantageous to use such vessel units where all different 
mediums are ready in different vessels. 

Washes at least are usually performed in intermediate 
determination steps. In addition, in intermediate steps the 
formed reaction complex is usually joined to a tracer which 
is then detected in the measuring step. The tracer may be 
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cs 

CzBcfacxlovAki* 

LU 

Luxonbourg 

TG 

Togo 

cz 

Ctocb RqpubUc 

LV 

UtvU 

TJ 

Tajlklnan 

DE 


MC 

MOOACO 

TT 

tVinidad aod Tobago 

DK 

Domurt 

MD 

Republic of Moldov« 

UA 

Ukraine 

ES 

Spaia 

MG 

Madagaicar 

US 

United Slatci of America 

n 

Finliad 

ML 

MaU 

UZ 

Urbcidtfan 

FR 

Prtncc 

MN 

Mongolia 

VN 

Vict Nam 

OA 

G&boD 






